(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
21 February 2002 (21.02.2002) 




III 



PCT 



(10) International Publication Number 

WO 02/14286 Al 



C07D 239/70 



PCT/US01/25387 



(51) International Patent Classification 7 : 

(21) International Application Number: 

(22) International Filing Date: 14 August 2001 (14.08.2001) 
(25) Filing Language: English 



(26) Publication Language: 



English 



(30) Priority Data: 

60/225,361 
60/243,263 



14 August 2000 (14.08.2000) US 
25 October 2000 (25. 10.2000) US 



(71) Applicant (for all designated States except BB, US):TEVA 
PHARMACEUTICAL INDUSTRIES LTD. [IL/IL]; 5 
Basel Street, P.O. Box 3 190, 491 3 1 Petah Tiqva (IL). 

(71) Applicant (for BBonly): TEVA PHARMACEUTICALS 
USA, INC. [US/US] ; 1090 Horsham Road, P.O. Box 1090, 
North Wales, PA 19454-1090 (US). 

! (72) Inventors; and 

! (75) Inventors/Applicants (for US only): KROCHMAL, 

i Barnaba [IL/IL]; Shevo 503/38, Gilo, 93845 Jerusalem 

! (IL). DILLER, Dov [IL/IL]; Rehov Chida 20, Bayit 

j Vegan, 96464 Jerusalem (IL). DOLITZKY, Ben-Zion 

! [IL/IL] ; Lohame HaGhetto 32, Petach Tiqva (IL). 



(74) Agents: BRAINARD, Charles, R. et al.; Kenyon & 
Kenyon, One Broadway, New York, NY 10004 (US). 

(81) Designated States (national)'. AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK,LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, 
SL, TJ, TM, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, 
ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, 
TG). 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



00 



(54) Title: PREPARATION OF RISPERIDONE 
^ compositions containing the new forms of risperidone and methods of usmg them are also d.sclosed. 



0214286A1 I > 



WO 02/14286 



PCT/US01/25387 

PREPARATION OF RISPERIDONE 



CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of provisional application serial number 
60/225,361, filed August 14, 2000; and provisional application serial number 60/243,263, 
filed October 25, 2000. Both of these applications are incorporated herein by reference. 

FIELD OF THE INVENTION 

The present invention relates to novel polymorphic forms of risperidone. The 
present invention also relates to methods of making polymorphic forms of risperidone. 

BACKGROUND OF THE INVENTION 

RISPERDAL® (risperidone) is an antipsychotic agent belonging to a new chemical 
class, the benzisoxazole derivatives. The chemical designation is 3-[2-[4-(6-fluoro-l,2- 

benzisoxazol-3-yl)-l-piperidinyl]ethyl]-6,7,8,9-tetrahydro-2-methyl-4H-pyrido[l,2- 
a]pyrimidin-4-one. 

U.S. Patent No. 4,804,663, the contents of which are incorporated by reference, 
describes a synthesis of risperidone. Risperidone may be prepared by condensation of the 
following two intermediates, 6-fluoro-3-(4-piperidinyl)-l,2-benzisoxazole (Compound I) 
and 3-(2-chloroethyl)-6,7,8,9-tetrahydro-2-methyl-4H-pyrido[ 1 ,2-a]pyrimidin-4-one 
(Compound II) in dimethylformamide (DMF) in basic conditions (Na 2 C0 3 or K 2 CO a ) with 
catalytic amount of potassium iodide (KI). The crude risperidone product (HI) is 
crystallized from a mixture of DMF and isopropanol with an overall yield of 46 %. 




© (H) (HI) 

6-fluoro-3-(4-piperidinyl)- S^-chlorocthyl^.T.S^-tetrahydro-a- risperidone 
1,2-benzisoxazole me%l-4H-pyrido[l,2-a]pyrimidin-4-one 
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Polva.on.hism is the ocourrence of differ, crystalline forms of a singie 
ohvsical properties. Therefore, a single compound may give rise to a vanety of 
diffiaerionpea.es. Sine* me so.ubr.ity of each polymorph may vary,. denrify.ng.he 

properties of each po.ymon.hic form. PCymorphic forms of a compound can be^ 
^Xdspecriomehy. For agenera, review of po.ymorphs and, he pharmaceu al . 

and W. McCrone, J. Pharm. So., 58, y 1 1 V*>y), 

1269 (1975), all of which are incorporated herein by reference. 

SUMMARY OF THE INVENTION 

quick er m e.odsfor m aMn gP ureri SP eridone. We have now fonnd that the ^ 
Iperidonehoancoanpoundslandn ca, done in acetonitrile and .opropanol, wUhout 
usine DMF, to give an improved and higher yield of about 75%. 

fc e foliowing two intermedia.es, ^H^"'^^ 

.^3-< 2 -c« W .S^^ 
(Compound II) in acetonitrile. 

« has L been found ma. me crude risperidone can be efficiently ***** - 
high yield ftom an alcohol for example, isopropanol, butano,, ethanol, or memanol; or 
, iLetoncforexamp.e.acemneoremy.memy^etonc^outmeneedofn.mg 

DMF, which is harmful to humans and is a very difficult solvent to remove. 
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Polymorphs of risperidone are mentioned in the Summary Basis of Approval 
(SBA) of New Drug Appiication 20-272 and 20-588, however the SBA does not identify 
them by recognized methods of crystal structure identification sueh as x-ray diffraction 

The present invention also provides fotms of risperidone designated risperidone 
Form A, Form B and Form E. 

The present invention further provides a process for making risperidone 
cotnpnsing reacting Compound I with Compound D to form crude risperidone (ffl) in a 
solvent selected from me group consisting of acetonitrile, isopropanol, methyl ethyl 
ketone and z^o-butanol. 

In another embodiment, the crude risperidone is recrystallized from an alcohol- a 
maxture of alcohols; a mixture ofwater and alcohol; or from a ketone, , g ., acetone In 
another embodiment, the alcohol is selected from the group consisting of methanol 
ethanol, isopropanol, propanol, butanol, , ec -butanol, ^-butanol and ,-butanol. In another 
embodiment, the alcohol is isopropanol. m another embodiment, the alcohol is 
acetomtrile. In another embodiment, the alcohol is isopropanol. In another embodiment 
the alcohol is ^butanol. In another embodiment, the ketone is acetone. Inanother 
embodiment, the acetone is methyl ethyl ketone. 

The present invention also provides risperidone Form A which is characterized by 
x-raypowderdiffractionpeaksatl4.2 ± 0.2,21.3 ± 0.2degreestwo-theta. Thepresent 
mvenhon also provides risperidone Form A of further characterized by x-ray powder 
diction peaks at 10.6*0.2, 1,. 4*0.2, 16.4*0.2, 18.9*0.2, 19.9*0.2, 22.5*0.2,23 3*0 2 
25.4*0.2, 27.6*0.2, 29.0*0.2 degrees two-theta. 

The present invention also provides a risperidone polymorph that is characterized 
by a powder x-ray diffraction pattern substantially as depicted in Figure 1 . 

The present invention also provides risperidone Form B which is characterized by 
x-ray powder diffraction peaks at 14.0*0.2 and 21.7*0.2 degrees two-theta. 

The present invention also provides a risperidone polymorph that is characterized 
by a powder x-ray diffraction pattern substantially as depicted in Figure 2. 

The present invention also provides risperidone Form B which is further 
characterized by x-ray powder diffraction peaks at 10.8*0.2, 11.9*0.2, 12.6*0.2, 
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,4 0*0.2,17.5*0.2, 18.3*0.2, ,9.9*0.2,21.0*0.2, 21.7*0.2 degress two-theta. 

' The presen, invention a.so provides risperidone Form E which is characterized by 
x . ra y powder diffraction peaks a. .6.5*0.2, 21.7*0.2degre=s two-tireta. 

The present ,nv m a.so provides risperidone Form E which is further 

chara c t er K edhyx-ra y ^dcrd i f fr aerio„pe*sa,.6.5*0.2, 12.6*0.2,21.7*02 
,5.6*0.2, 17.0*0.2. 1S , !( ,2. ,9.1*0.2, 21.3*0.2, 24.0*0.2, 24.9*0.2, 27.0*0.2 decrees 

two-theta. . _ 4 . « 

The present interna,,, a.so provides a risperidone polymorph that is characterized 

by a powder x-ray diffracon pal.em substanHaUy as depicted in Figure 3. 

The present invention also provides a process for preparing risperidone Fonn B 
comprising Ore steps of: d,sso,vi„g risperidone ma substantia.* water so.ublea.coho, 
having 1 to 4 carbon atoms where the ratio of risperidone to alcoho, is abou, 1:7.5 to 
*ou,l:9;addingwa,ertofaci,ita.eprecipi^on; and isolating risperidone FormB. 

The present invention a,so provides a process for preparing risperidone Form B 
comprisingthestepsof: dissolving risperidone in chtorofcrm; adding cyCohexane or 
hexane to facilitate precipitation; and isolating risperidone FormB. 

The present invention also provides a process for preparing risperidone Form B 
comprisingthestepsof: disso.vmg risperidone in an aqueous sohmon of HC.; addingan 
aqueous solution ofN%CO j; and isolating risperidone FormB. 

The present invention a.so provides a process for preparing risperidone Form A 
comprising Ore steps of: dissolving risperidone in an organic so,ven, se,ec,ed ftom 0, 
^oup consisting of d„ne,hy,formamide, tetrahydrofUran, acetone, begone, amy, methy. 

suboxide, iso-bnunoh and ethyl acetate or mixtures thereof; heating me so,vent to reflux, 
cooling me solvent to facilitate precipitation; and isolating risperidone Form A. 

The preaen, invention also provides a process for preparing risperidone Fonn A 
comprisingme steps of: disso,ving risperidone in dicmoromeflrane; adding cyCohexane 
or hexane to facilitate precipitation; and isolating risperidone Form A. 

The present invention also provides a method for preparing risperidone Form A 
cmprisingflre step of: heating risperidone Form B a, a temperahire of abou^Oo 
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about 80°C for a time sufficient to induce to formation of risperidone Form A; and 
isolating risperidone Form A. In another embodiment, the heating takes place under 
reduced pressure or at atmospheric pressure. In another embodiment, the temperature is 
about 80°C. In another embodiment, the time for heating is about 16 to about 20 hours. 

The present invention also provides a process for preparing risperidone Form E 
comprising the steps of: dissolving risperidone in isopropanol where the ratio of 
risperidone to isopropanol is about 1 .12; adding water to facilitate precipitation; and 
isolating risperidone Form E. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a characteristic x-ray powder diffraction spectrum of risperidone Form A 
Figure 2 is a characteristic x-ray powder diffraction spectrum of risperidone Form B. 
Figure 3 is a characteristic x-ray powder diffraction spectrum of risperidone Form E. 

DETAILED DESCRIPTION OF THE INVENTION 
Synthesis ofJRjsj pgndpne 

The present invention provides new processes for preparing risperidone from the 
followmg two mtermediates/6-fluor^ ^ ^ ^ 

cUoroemyl)-6,7,8,9-tetrahydro-2-memyl-4H-p^ (n) ^ 

acetonitrile, isopropanol, *o-butanol, or methyl ethyl ketone as the solvent, which 
eliminates the need to use DMF as a solvent. By the methods of the present invention 
nspendone is prepared by adding , 3-(2-chloroethyl)-6,7,8,9-tetrahydro-2-methyl-4H- 
pyrido[l,2-a]pyrimidin-4-one (Compound H or "the chlorine derivative"); 6-fluoro-3-(4- 
piperidinyD-l^-benzisoxazole (Compound I or "the piperidine derivative"); sodium 
carbonate; and potassium iodide (66 mg) into a flask containing the solvent isopropanol 
acetonitrile, methyl ethyl ketone or ^-butanol. Preferably, the Compound I and 
Compound II are present in a ratio of about 1:1. The reaction mixture is then heated by 
methods known in the art, such as, by placing the flask in an oil bath which is heated from 
about 60°C to about 85°C, and the reaction is allowed to reflux for a time sufficient to 
complete the formation of risperidone, abouf9 hours to overnight. Preferably, the 
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reaction nature is heated to *ou, 60°C to about 67'C. Preferably tire reaction is heated 
for about 9 hours when the solvent is isopropanol. Preferably the reaction mixture ,s 
heated oventigh, when the solvent is metiry. etiryl ketone or iso-botanol. Preferably tire 
reaction is heated for about 17 hours when tire solvent is ace.onr.rile. Upon completion of 
the reaction, .he mixture is cooled by methods known in the art to induce the prestation 
of risperidone. 

The resulting precipitated risperidone is filtered and the filter cake is washed rn .he 
filter with a smaU amount of isopropanol, acetone or a mixture of acetone and water. The 
finer cake is then slurried, filtered and easfiy dried by conventional methods .o gtve crude 
risperidone in a yie.d of abou, 63 to 74 % yield. The present method eliminates the 
difficult step of removing DMF from the crude risperidone. 

The present invention also relates to new processes for recrystaffizing crude 
risperidone from; an a.cohol, such as, methanol, ethanol, isopropanol, propanol, butano!, 
s *c-butanol and r-butanot; a mixture of alcohols containing any combination of, methanol, 
ethanot, isopropanol, propanol, bu<anol, sec-butanol and ,-bu.anol; or a mixhtre of water 
and alcoho! where the alcohol is one or more of me following alcohols, methanol, ethanol, 
isopropanol, propanol, bntanol, ssc-butano! and .-butano.. The present recrystiubzation 
eliminates fire use of Ure difficult to remove and potentially harmful solvent DMF. 
Preferably, the solvent is isopropanol. By the methods of the present invenhon, crude 
risperidone is recrystallized by dissolving the cnrde risperidone in a solvent which is hot. 
Preferably, .he solvent is heated ,o reflux. Preferably tire crude risperidone and solvent 
are present in a ratio of about 10 to abon. 15, more preferably the ratio is abou. 11 to 13, 
most preferably the ratio is about 11.5 to abou. 12.5. Preferably the solvent ts 
isopropanol. The ho. mixture is men filtered hot and allowed to cool where upon punfied 
risperidone precipitates. The mixture is filtered by conventional methods to gtve htgh 
purity risperidone with a purity of abou, 99.7 to about 99.8 %. The overall yield of the 
presen. method of synthesis and realization of risperidone is abon. 60 to about 63 %. 

The present invention also provides new processes for recrystallteing crude 
risperidone from a solvent ma, is aketone, such as, acetone. The presen, recrystallization 
eliminates (he nse of the difficult to remove and potentially harmfirl solvent DMF. 
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Preferably, the solvent is acetone. By the methods of the present invention, crude 
risperidone is recrystallized by dissolving the crude risperidone in a ketone, which is hot. 
Preferably, the ketone is heated to reflux. Preferably the crude risperidone and solvent are 
present in a ratio of about 25 to about 40, more preferably the ratio is about 28 to about 
5 32. Preferably the solvent is acetone. The hot mixture is then filtered hot and allowed to 
cool where upon purified risperidone precipitates. The mixture is filtered by conventional 
methods to give high purity risperidone with a purity of about 99.7 to about 99.8 %. The 
overall yield of the present method of synthesis and recrystallization of risperidone is 
about 60 to about 63 %. 
10 Risperidone Form A 

The present invention also relates to a novel risperidone crystalline form 
designated Form A and processes for making risperidone Form A. Risperidone Form A is 
characterized by unique strong powder x-ray diffraction peaks at 14.2±0.2, and 21.3±0.2 
degrees two-theta and medium intensity peaks at 10.6±0.2, 1 1.4±0.2, 16.4±0.2, 18.9±0.2, 
19.9±0.2, 22.5±0.2, 23.3±0.2, 27.6±0.2, 25.4*0.2, and 29.0±0.2 degrees two-theta. 

Another aspect of this invention is a method of preparing risperidone Form A. In 
the method of preparing risperidone Form A, risperidone Form A is crystallized from 
risperidone at the reflux temperature of an organic solvent, such as, DMF, tetrahydromran 
(THF), acetone, benzene, ethyl methyl ketone, n-butanol, methanol, isopropanol, absolute 
ethanol, acetonitrile, toluene, dimethyl sulfoxide (DMSO), iso-butmol or ethyl acetate. 
By the methods of the present invention, risperidone is added to in a minimum amount of 
organic solvent by heating the mixture to facilitate dissolution of the risperidone. Upon 
complete dissolution of the risperidone, the solution is left to cool to room temperature to 
induce the precipitation of risperidone Form A. After the solution has reached room 
temperature, it is further cooled in an ice bath and then filtered to isolate risperidone Form 

A. Suitable volumes of solvent required for the present methods are listed below in 
Example 1 1 and in Table 1 . 

Another aspect of this invention is a method of preparing risperidone Form A; or a 
mixture of risperidone Form A and other forms of risperidone, including risperidone Form 

B, by dissolving risperidone in dichloromethane arid adding cyclohexane or hexane to 
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induce precision. By «he methods of the present invention, risperidone is dissolved in 
dich.orome.hane in a ratio of ahon, 1 to ahon. 9. Hexane or cyCohexane is men added 
u „«i, a c.oudy dispersion is formed. The risperidone Form A is men isolated hy fiUratron. 
Another aspect of this invention is a method of preparing risperidone Form A by 
5 heating nspcridonc Form B. By me methods of the present invention, risperidone Form A 
i , pr ^„ 1 hvhca 1 n, S risperidoneFormB,orarmxtnre 0 frisperidoneFonnAandBa, 

lcl „ P er. cs .hove room temperahrre, preferab.y a, abon, WC nnder either rednoed 

pressure ., a, atmospheric pressure, for a period of several minutes to several hours, 
prefer ,..K - - :«- hours. One embodiment of the present method for preparing rispendone 
10 Form A „ ..caring risperidone Form B, or a mixture of risperidone Form B and 
risperidone Fom, A. a. S0°C overnight, under reduced pressure or at atmosphenc 
pressure, and .soUing the resulting crystals of risperidone Form A. Analtemahve 
melh od of pre T a„ng risperidone Form A by hearing risperidone Form B includes, heafng 
rispendone Form B in a differentia, scanning calorimeter, a. the rate of 5 to 20 degrees 
15 per minute, to yield risperidone Form A. 

Ris perido ne Form B 

The present invention also relates to a novel crystalline form of rispendone, 
' denominated risperidone Fom, B. .sisperidone Form B is characterized by unique Strong 
powder x-ray diffraction peaks a, 14.0*0.2 and 2,.7 ± 0.2 degrees two-theta, and medrum 
peaks a, ,0.S ± 0.2, ...9,0.2, 12.6,0.2, 17.5*0.2, 18.3,0.2, 19.^0.2,21.0,0.2,21.3,0^2 
degrees two-theta, and is we,, distinguished from risperidone Form A. The presence of 
risperidone Form B in a mixture with risperidone Form A is detected by the appearance 

v ,on+o? 17 5±0 2 18 4±0.2, and also by the other peaks 
mainly of the strongest peaks at 21 .7±0.2, 1 /.S±U-A 

which appear at 1 1 .9±0.2, 12.6*0.2 degrees two theta. 

The DSC thermogram of risperidone Form B is characterized by a sohd-sohd 

4 v nrm a detected in a small endotherm at 164°C followed by a 
transition to risperidone Form A detected in a snwu * 

small exotherm and a melting endotherm of risperidone Form A at 171°C. 

Another aspect of this invention is a method of preparing risperidone Form B by 
solving risperidone in an alcohol having 1 to 4 carbon atoms, followed by the addition 
ofwatertofacilitatetheprecipitationofrisperidoneFormB. Preferably the ratio of 
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risperidone to alcohol is about 1 :7.5 to about 1 :9. Preferably the alcohol is ethanol or 
methanol. 

Another aspect of this invention is a method of preparing risperidone Form B pure 
or in a mixture with another form of risperidone, such as, risperidone Form A, which 
includes dissolving risperidone in a hot solution of aqueous HC1 followed by the addition 
of aqueous Na 2 C0 3 to induce precipitation of risperidone Form B. By the methods of the 
present invention, risperidone is added to 0.5 N HC1 in a ratio of about 1 :6. Water is 
added in an amount equal to about two thirds the volume of HC1 used. The solution is 
heated to induce dissolution of the risperidone. Sodium carbonate is then added until a pH 
of about 8 is reached, to facilitate precipitation. The solution is cooled and risperidone 
Form B is isolated by filtration. 

Another aspect of this invention is a method of preparing risperidone Form B pure 
or in a mixture with another form of risperidone such as risperidone Form A, wherein 
risperidone is dissolved in chloroform followed by the addition of cyclohexane or hexane 
to facilitate precipitation. By the methods of the present invention, risperidone is 
dissolved in chloroform in a ratio of about 1 :6 followed by the addition of hexane of 
cyclohexane in an amount sufficient to produce a cloudy dispersion. The risperidone 
Form B is then isolated upon filtration. 
Risperidone Form F, 

The present invention also relates to a novel crystalline form of risperidone, 
denominated risperidone Form E. Risperidone Form E is characterized by typical strong 
x-ray peaks at 16.5*0.2, 21.7*0.2 degrees two-theta, and medium x-ray peaks at 12.6*0.2, 
15.6*0.2, 17.0*0.2, 18.4*0.2, 19.1*0.2, 21.3±0.2, 24.0*0.2, 24.9*0.2, 27.0*0.2 degrees 
two-theta 



30 



Another aspect of this invention is a method of preparing risperidone Form E. By 
the methods of the present invention, risperidone is dissolved in isopropanol in a ratio of 
about 1 to 12. Water is then added until a cloudy dispersion is formed thereby facilitating 
the precipitation of risperidone Form E. Risperidone Form E is isolated upon filtration of 
the dispersion. 

In accordance with the present invention, these new forms of risperidone may be 
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of I manifestations of psychotic disorders. Such compositions compnse one of new 

orally orinti—ly. Suitable form, for or* administration inch.de tablets, 

syrop s and suspensions. White one of ordinary sMU in the art wi U unders*nd tha, 
dosages will vary according to the indication, age of the patient, etc., generally 

L^rfa b ou t 4toabon, 1 6nrgperday,andpreferab,yabou,4,oabon,Snrgperday. 

EXAMPLES 

The present invention wffl now be further explained in the Mowing examples. 
However,mepresen,mventionshomdnotbeconsnnedasUmi,edmereby. 

Methods 

Conditions for obtaining Powder X-ray Diffraction (PXRD) patterns- The powder 

ray powder diffiactometer, Phiffips Generator TW1830; Gonrometer PW3020 
Control PW3710; X-RaytubewithCutargetanode; Monoohromator propomonal 
counter; Divergence sn* 1", Reeeivmg sh, 0.2 mm, Scaner sU, .-. 40KV, 30mA; and 
Scanning speed step 0.05 degrees to 2 degrees/nrin. 
"differential «^ 
ta own in tire an using aDSC Mettler 82, Sta,. The weigh, of me samples was about 3-5 
mg TbetemperatiuerangeofscanswasJO^SO-CatarateoflO-C/nnn. Samples 
25 wLprngedwimmtiogengasatanowmleof^n^mimStandard^^l — 

orueibles were used having lids with three small holes. 

Exam ple 1 
Synthesis of Risperidone 

fsopropanoipOmL), 3-(2-chloroemyl>d,7,8,9-.=«rahydro-2-mem y l-4H- 

10 
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mmoles, 1 eq.), 6-fluoro-3-(4-pip e ridinyl)-l,2-benzi S oxazole (Compound I)(»the 
Piperidine derivative") (2.17 g, 10 mmoles, 1 eq.), sodium carbonate (3.18 g, 30 mmoles 
3 eq.), and potassium iodide (66 mg) were added to a 100 mL round bottom flask and 
stirred with a magnetic stir bar. The flask was placed in an oil bath at 80°C and allowed 
, to reflux for 9 hours. The flask was then cooled in an ice bath and the contents was 
filtered The fi„ LT cake was washed ^ fi]ter w . A a gmai] mt of . sopropanoi 

filter cake u as ,hen slurried 3 times in 20 mL of water and filtered. The resulting slurry 
was dnol to ,„ c 3 g of material in 73 % yield. The slurry was recrystallized by 
d.ssofv ,„, ,n 37 n ,L of boiling isopropanol, filtered hot and allowed to cool and filtered to 
give matcnal «h,ch had a purity of 99.7 % and an overall yield of 60 %. 

Examp le 2 
Synthesis of Risperidone 
The same materials and method as in Example 1 with the exception being that 
methyl ethy. ketone (MEK) (15 mL) was used instead of 20 mL of isopropanol The flask 
-as put in an oi, bath at 79-83 °C overnight, cooled, filtered and washed with acetone and 
water to give 2. 1 9 g, 53 % yield. 

Examp le 3 
Synthesis of Risperidone 

The same materials and method as in Example 1 with the exception being that 20 
mL of acetonitrile was used instead of 20 mL of isopropanol. The flask was put in an oil 
bath for 1 7 hours at 79-83°C, then put in the freezer f or 2 hours, filtered, and the filter 
cake washed with acetone until the filtrate had no color. The filter cake was then slurried 
in 25 mL water 3 times and filtered and dried to give 3.03 g, 74 % yield, of crude 
nsperidone. The crude risperidone was recrystallized from 35 mL of isopropanol, filtered 
hot, cooled, filtered and dried to give 2.47g of risperidone, 60 % overall yield, 99.8 % 
pure by HPLC. 

Example 4 
Synthesis of Risperidone 

The same materials and method as in Example 1 with the exception being that 20 
mL of acetonitrile was used instead of 20 mL of isopropanol. The flask was put in an oil 

11 
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bath fo, 17 hours a, 79-S3°C, then put in «he freeze, for 2 hours, fihereo, and the filter 
eafcewashrfwithace.oneun.il the fihratehad no co.0, The filter cake was then shrmed 
in2 5mLwa.er3fin.esandfi..e re danddr i ed.o g ive3.03 g ,74%yie,d,oferude 

risperidone. Thecrude risperidone was reeled from 73 nrLof acetone, filtered hot, 
HPLC 

Fvam ple 5 
Synthesis of Risperidone 

The same ma.erials and method as in Example 1 wi<h fire exception being that 20 
^ of iso.bu.ano. was user, instead of 20 mL of isoprop^ro, followed by storing tn an o,. 
bath at 78 "C over night. Risperidone was isolated in 63 % yield. 

Example 6 
Preparation of Risperidone Form B 
Risperidone (5.3 g) was dissolved in chloroform (30 mL). Cyclohexane (280 
^as slowly added to the solution until a cloudy dispersion was formed^e 
suspension was filtered. Tba mtrate, analyzed by PXRD, contained nspen*> neFormB. 
P^erheatmgovemigh^^ 

which was confirmed by PXRD analysis. 

Exam ple 7 
Preparation of Risperidone Form B 

Risperidone (5.0 g) was dissolved in 30 mL chloroform. Hexane (250 mL) was 

ofthefiltrateovernight at 80»C under reduced pressure produced risperidone Form A, 

which was confirmed by PXRD analysis. 

Example 8 
Preparation of Risperidone Form B 

Ri s P e ri done(5.3 g )wasdis S o.ved m 40nt,e to ano..Wa.er( 1 00rnL)wasadded«o 

tt.esolutionurrtilac.oudy dispersion was fonned. The resuifing suspension was fi..^ 
liso^fil^e.analy^byPX^.eon^edrisperidone.ornrB.Furtherheatnrg 



) 
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of the filtrate overnight at 80°C, under reduced pressure, produced risperidone Form A 
which was confirmed by PXRD analysis. 

Example 9 
Preparation of Risperidone Form B 
Risperidone (5.0 g) was dissolved fa methanol (45 mL). Water (70 ml) was added 
to the solution unti! a cmudy dispemion was formed. The suspension was filtered The 
tso,a,ed filtrate, analyzed by PXRD, contained risperidone Form B. Further heating of the 

filhateovenrightatSO-c, under ^ presanre, prndne^ risperidone Fom, A, which 
was confirmed by PXRD analysis. 

Examp le in 
Preparation of Risperidone Form B in Water 

Risperidone (6 g) was dissolved at room temperature in 60 mL of 0.5 N HC1 and 
water (40 mL) was added. The solution was heated in a bodmg water bath and snrred 
wrth a magnetic stir bar. Concentrated aqueous sodium carbonate was added portion-wise 
to the solution to facilitate precipitation until a pH of approximately 8 was attained A 
predate was formed. After cooling to room temperature, the mixture was cooled in an 

« bath and filtered to give a mixture of risperidone Form A and risperidone Form B in 
an 82 % yield. 

Example 1 1 

Preparation of Risperidone Form A by Crystal.. ,„ Organic Solvent 

Rtspendone (6 g ) was added portion-wise and dissolved fa a minimum amount of 
solvent by heating fa a boilfag water bam (about 95°C). Suitable advents and the 
eorresponding suitable volumes are listed below fa Table . . Solvents having a boilfag 
pom, lower man 95»C were heated to their boilfag point. Tne solutions were left ,„ coo. 
to mom temper to facifitate pmcipitation of risperidone Form A. The nnxture was 
Utenmrtherccdedmanieebamandmenflltered. The precipitate was amdyzed by 
PXRD and found to be risperidone Form A. 
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10 



15 



20 



25 



30 



35 



T^hteT Preparation ol Risperidone f orm A 

^evolmn^rfsolv^^ 
t\\/tc. 40 ml 



DMF: 
too-butanol: 



40 ml 
35 ml 



Toluene: 



40 ml 



200 ml 
26 ml 



70 ml 
35 ml 



40 ml 



45 ml 



100 ml 



150 ml 



100 ml 



Example.!! 
Preparation of risperidone Form A 

Risperidone (5.6 g) was dissoived in 50 mL dichioromeurane. Cyc.ohe*ane070 
^ was added .o the sohrtion unrii a Coudy dispersion was fonned. The resumng 

" Form A and a minor quantity of risperidone Form B. 

Exam pjg 13 
Preparation of Risperidone Form A 

Risperidone (5, g) was disced in 30 mL dieMoro.ne.hane. 
was added ,o tne aomtion ,0 facilitate precipitation nnffl a clondy disperston was formed. 
T.eresmringsnspensionwasn.tered. Thefiltrate, analyzed by PXRD, contamed 
risperidone Form A and a minor quantity of risperidone Form B. 

Example 1 4 
Preparation of Risperidone Form E 
Risperidone (5 g ) waa disaoived in 60 mt isopropanol. Water (950 m L ) was 
added ,0 the somtion to facilitate precipitation until a doudy dispersion « .fonned^e 
tensionwaa filtered. The flto a tt , anaiy^d by PXKB, eon^ned nspendone Form B. 
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Although certain presently preferred embodiments of me invention have been 
described herein, ft will be apparent to those skffled in the art to whieh the invention 
perratns mat variations and modifications of the described embodiment may be made 
wrrhou, departing from the spirit and scope of the invendon. According i, is intended 
that the mvenrion be Umited only to Ore extent required by the appended claims and me 
applicable rules of law. 
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WHAT IS CLAIMED IS: 

Ap.ocessforn.aHngnsperidoneoon.pns.ng^^otreacang 

compound (I) 



f (I) 




with compound (II) 



o 

„ci 




n^ch 3 (II) 



to form crude risperidone (ffl) 




(in) 



10 * M ^^~^«- M '-r m *'*«"* 

ketone and wo-butanol. 

2 T.eprocessofdato^r.hercompnstag^^sofreays.a.Hzmg 

15 alcohol. 

3 Theprocessofc.ai m2 , W he re in a ea 1 coho 1 i SS = 1 ec t e d& o>n|h e group 
^ of—, Chano,, isopropaao,, propano,, brtano., - 



butanol. 



20 



16 
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4. The process of claim 3, wherein the alcohol is isopropanol. 

5- The process of claim 1, wherein the solvent is acetonitrile. 

6- The process of claim 1, wherein the solvent is isopropanol. 

7- The process of claim 1, wherein the solvent is methyl ethyl ketone. 



8. The 



process of claim 1, wherein the solvent is iso-butanol. 



9. The process of claim 1, further comprising the steps of recrystallizing 
crude risperidone from a ketone. 

10. The process of claim 1 wherein the ketone is acetone. 

1 1 • Risperidone Form A which is characterized by x-ray powder diffraction 
peaks at 14.2*0.2, 21.3*0.2 degrees two-theta. 

12. The risperidone Form A of claim 1 1 which is further characterized by x- 
raypowder diffraction peaks at 10.6*0.2, 11.4*0.2, 16.4*0.2, 18.9*07 199± 02 
22.5*0.2, 23.3*0.2, 25.4*0.2, 27.6*0.2, 29.0*0.2 degrees two-theta. 

13. A risperidone polymorph that is characterized by a powder x-ray 
diffraction pattern substantially as depicted in Figure 1. 

14. Risperidone Form B which is characterized by x-ray powder diffraction 
peaks at 14.0*0.2 and 21.7*0.2 degrees two-theta. 

15. The risperidone Form B of claim 14 which is further characterized by x-ray 
powderdiffractionpeaksat 10.8*0.2, 11.9*0.2, 12.6*0.2, 14.0*0.2, 17.5*0.2, 18.3*0.2, 



25 
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19.9±0.2, 21 .0*0.2, 21 .7±0.2 degrees two-theta. 

16. A risperidone polymoiph that is characterized by a powder x-ray 
diffraction pattern substantially as depicted in Figure 2. 

17. Rispcndonc Form E which is characterized by x-ray powder diffraction 
peaks at 16.5±0.2, 2l.7±0.2 degrees two-theta. 

• 18 The risperidone Form E of claim 17 which is further characterized by x- 
ray powder diffraction peaks at 16.5*0.2, 12.6*0.2, 21.7*0.2 , 15.6*0.2, 17.0*0.2, 
18.4*0.2, 19.1*0.2, 21.3*0.2, 24.0*0.2, 24.9*0.2, 27.0*0.2 degrees two-theta. 

19. A risperidone polymorph that is characterized by a powder x-ray 
diffraction pattern substantially as depicted in Figure 3. 



20. A process for preparing risperidone Form B comprising the steps of: 

(a) . dissolving risperidone in a water soluble alcohol having 1 to 4 carbon 
atoms where the ratio of risperidone to alcohol is about 1:7.5 to about 1:9; 

(b) adding water to facilitate precipitation; and 
20 (c) isolating risperidone Form B. 

21. A process for preparing risperidone Form B comprising the steps of: 

(a) dissolving risperidone in chloroform; . 

(b) adding cyclohexane or hexane to facilitate precipitation; and 
25 (c) isolating risperidone Form B. 

22. A process for preparing risperidone Form B comprising the steps of: 

(a) dissolving risperidone in an aqueous solution of HC1; 

(b) adding aqueous Na 2 C0 3 to facilitate precipitation; and 
30 ( c ) isolating risperidone Form B. 
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23. A process for preparing risperidone Form A comprising the steps of: 

(a) dissolving risperidone in an organic solvent selected from the group 
consisting of dimethylformamide, tetrahydrofuran, acetone, benzene, ethyl methyl 
ketone, «-butanol, methanol, isopropanol, absolute ethanol, acetonitrile, toluene, dimethyl 
sulfoxide, isobutanol, and ethyl acetate; 

(b) heating the solvent to reflux; 

(c) cooling the solvent to facilitate precipitation; and 

(d) isolating risperidone Form A. 



24. A process for preparing risperidone Form A comprising the steps of: 

(a) dissolving risperidone in dichloromethane; 

(b) adding cyclohexane or hexane to facilitate precipitation; and 

(c) isolating risperidone Form A. 

A process for preparing risperidone Form E comprising the steps of: 
dissolving risperidone in isopropanol where the ratio of risperidone to 
is about 1:12; 

adding water to facilitate precipitation; and 
isolating risperidone Form E. 



25. 
(a) 

isopropanol 
(b) 
(c) 



26. A process for preparing risperidone Form A comprising the steps of: 

(a) heating risperidone Form B at a temperature of about 25°C to about 80°C 
for a time sufficient to induce to formation of risperidone Form A; and 

(b) isolating risperidone Form A. 

27. The process of claim 26 wherein the heating takes place under reduced 
pressure or at atmospheric pressure. 



28. The process of claim 26 wherein the temperature is about 80°C. 
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29. The process of claim 26 wherein the time is about 16 to about 20 hours. 
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PREPARATION OF RISPERIDONE 



CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of provisional application serial number 
60/225,361, filed August 14, 2000; and provisional application serial number 60/243 263 
filed October 25, 2000. Bom of ttese apphcations a^^ 

FD3LD OF THE INVENTION 

The present invention relates to novel polymorphic forms of risperidone. The 
present invention also relates to methods of making polymorphic forms of risperidone. 

BACKGROUND OF THE INVENTION 
RISPERDAL® (risperidone) is an antipsychotic agent belonging to a new chemical 
class, the benzisoxazole derivatives. The chemical designation is 3-[2-[4-(6-fluoro-l 2- 
benztfoxazol-S-ylM-p^^ R ^ 

a]pyrimidin-4-one. 

U.S. Patent No. 4,804,663, the contents of which are incorporated by reference 
descnbes a synthesis of risperidone. Risperidone nray he prepared by condensation of "the 
followmg two intermediates, 6-flnoro.3-(4-piperidiny 1 )-l,2-ben 2i s 0 xa 20 le (Compound n 

(Compound n) in dime t hy 1 f„ I mam id e (DMF) in basic conditions (Nt^CO, or ^CO,) with 
catalyttc amount of potassium iodide (KI). Tne crude risperidone nmduct (III) is 
crystalhzed from a mixture of DMF and isoptopanol with an overall yield of 46 % 





F K 2°^.KI,DMF,12his,stining 
at 85-90°C 




0) (H) 



U-benzaSoxazoIe methyMH-pyridoni-^yrimiL-^ne nSpendone 
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Polymorphism is the occurrence of afferent crystalline forms of a single 

. TWfore a single compound may give nse to a variety ot 

polymorphrc fonns where each form Ir temDeratuies md/o r different x-ray 

diff eren«solubi.i W profiles,differentmemngpomt,empera«uxesan 

diffraction peaks. Since the solubility of each polymorph may vary, rdenUfyrng the 

T Lectrome«ry For a general review ofpolymorphs and the pharmacouueal 

* T Zlhs sec O M Wall, «~ Manuf. 3, 33 (I** «. Ha.eb.ian 

applications ofpolymorphs see ^.wi. w 

r OI CaI = 8 oil f 1969); and J.K. Haleblian, J. P/tarw. o<t, 
and W. McCrone, J. Pfcam. Sci., 58, 91 1 U^;, 
1269 (1975), all of which are incorporated hereinby reference. 

SUMMARY OF THE INVENTION 

An object P We have now found that the synthesis of 

^ermemodsformakingp^n^We. ^ 

risperidone from compounds I and II can done m 
usmgDMF,togiveanimprovedandhigheryieldofabout75</o. 

^ ' S . a nrocess for the preparation of nspendone from 

The present invention provides a process lorui p f , r „ mnoim d 

fcefollowingrwointerme^^^ 

^llo^y.)-^^^ 

DMF , which is harmm. to humans and is a very difncuK soWen, to remove. 
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Polymorphs of risperidone are mentioned in the Summary Basis of Approval 
(SBA) of New Drug Application 20-272 and 20-588, however the SBA does not identify 
them by recognized methods of crystal structure identification such as x-ray diffraction. 

The present invention also provides forms of risperidone designated risperidone 
Form A, Form B and Form E. 

The present invention further provides a process for making risperidone 
comprising reacting Compound I with Compound H to form crude risperidone (HI) in a 
solvent selected from the group consisting of acetonitrile, isopropanol, methyl ethyl 
ketone and isobutanol. 

In another embodiment, the crude risperidone is recrystallized from an alcohol; a 
mixture of alcohols; a mixture of water and alcohol; or from a ketone, eg., acetone, hi 
another embodiment, the alcohol is selected from the group consisting of methanol, 
ethanol, isopropanol, propanol, butanol, ^c-butanol, * 0 -butanol and M>utanol. In another 
embodiment, the alcohol is isopropanol. In another embodiment, the alcohol is 
acetonitrile. In another embodiment, the alcohol is isopropanol. In another embodiment, 
the alcohol is ^-butanol. In another embodiment, the ketone is acetone. In another 
embodiment, the acetone is methyl ethyl ketone. 

The present invention also provides risperidone Form A which is characterized by 
x-ray powder diffraction peaks at 14.2±0.2, 21. 3±0.2 degrees two-theta. Thepresent 
invention also provides risperidone Form A of further characterized by x-ray powder 
diffraction peaks at 10.6±0.2, 11.4*0.2, 16.4±0.2, 18.9±0.2, 19.9±0.2, 22.5±0.2, 23.3±0.2, 
25.4±0.2, 27.6±0.2, 29.0±0.2 degrees two-theta. 

The present invention also provides a risperidone polymorph that is characterized 
by a powder x-ray diffraction pattern substantially as depicted in Figure 1 . 

The present invention also provides risperidone Form B which is characterized by 
x-ray powder diffraction peaks at 14.0±0.2 and 21 .7±0.2 degrees two-theta. 

The present invention also provides a risperidone polymorph that is characterized 
by a powder x-ray diffraction pattern substantially as depicted in Figure 2. 

The present invention also provides risperidone Form B which is further 
characterized by x-ray powder diffraction peaks at 10.8±0.2, 11.9±0.2, 12.6±0.2, 
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14 0*0.2, 17.5*0.2. 18.3*0.2. 19.9*0.2, 21.0*2, 21.7*0.2 degrees two-theta. 

The present invention also provides risperidone Form E which is characterized by 
x-ray powder diffraction peaks at 1 6.5*0.2. 21. 7±0.2degrees two-theta. 

The present im cnt.on also provides risperidone Form E which is further 
characterized by x-ray pooler detraction peaks at 16.5*0.2, 12.6*0.2, 21.7*0.2 , 
15.6*0.2, 17.0*0.2, 18.4*0.2. 19.1*0.2, 21.3*0.2. 24.0*0.2, 24.9*0.2, 27.0*0.2 degrees 
two-theta. 

The present invention also provides a risperidone polymorph that is characterized 
by a powder x-ray diffraction pattern substantially as depicted in Figure 3. 

The present invention also prov.dcs a process for preparing risperidone Form B 
comprising the steps of: dissolv ing risperidone in a substantially water soluble alcohol 
having 1 to 4 carbon atoms where the ratio of risperidone to alcohol is about 1:7.5 to 
about 1:9; adding water to facilitate precipitation; and isolating risperidone Form B. 

The present invention also provides a process for preparing risperidone Form B 
comprising the steps of: dissolving risperidone in chloroform; adding cyclohexane or 
hexane to facilitate precipitation; and isolating risperidone Form B. 

The present invention also provides a process for preparing risperidone Form B 
comprisingthe steps of: dissolving risperidone in an aqueous solution of HC1; adding an 
aqueous solution of Na 2 C0 3 ; and isolating risperidone Form B. 

The present invention also provides a process for preparing risperidone Form A 
comprising the steps of: dissolving risperidone in an organic solvent selected from the 
group consisting of dimethylformamide, tetrahydrofuran, acetone, benzene, ethyl methyl 
ketone, n-butanol, methanol, isopropanol, absolute ethanol, acetonitrile, toluene, dimethyl 
snlfoxide, iso-butanol, and ethyl acetate or mixtures thereof; heating the solvent to reflux; 
cooling the solvent to facilitate precipitation; and isolating risperidone Form A. 

The present invention also provides a process for preparing risperidone Form A 
comprising the steps of: dissolving risperidone in dichloromethane; adding cyclohexane 
or hexane to facilitate precipitation; and isolating risperidone Form A. 

The present invention also provides a method for preparing risperidone Form A 
comprising the step of: heating risperidone Form B at a temperature of about 25<>C to 
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about 80°C for a time sufficient to induce to formation of risperidone Form A; and 
isolating risperidone Form A. In another embodiment, the heating takes place under 
reduced pressure or at atmospheric pressure. In another embodiment, the temperature is 
about 80°C. In another embodiment, the time for heating is about 16 to about 20 hours, 
The present invention also provides a process for preparing risperidone Form E 
comprising the steps of: dissolving risperidone in isopropanol where the ratio of 
risperidone to isopropanol is about 1:12; adding water to facilitate precipitation; and 
isolating risperidone Form E. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a characteristic x-ray powder diffraction spectrum of risperidone Form A. 
Figure 2 is a characteristic x-ray powder diffraction spectrum of risperidone Form B. 
Figure 3 is a characteristic x-ray powder diffraction spectrum of risperidone Form E. 

DETAILED DESCRIPTION OF THE INVENTION 
Synthesis of Risp eridone 

The present invention provides new processes for preparing risperidone from the 
following two intermediates, 6-fluoro-3-(4-piperidinyl)-l,2-benzisoxazole (I) and 3-(2- 
chloroethyl)-6,7,8,9-tetrahydro 

acetonitrile, isopropanol, iso-butanol, or methyl ethyl ketone as the solvent, which 
ehminates the need to use DMF as a solvent. By the methods of the present invention, 
risperidone is prepared by adding , 3-(2-chloroethyl)-6,7,8,9-tetrahydro-2-methyl-4H- 
pyrido[l,2-a]pyrimidin-4-one (Compound II or "the chlorine derivative"); 6-fiuoro-3-(4- 
piperidinyl)-l,2-benzisoxazole (Compound I or "the piperidine derivative"); sodium 
carbonate; and potassium iodide (66 mg) into a flask containing the solvent isopropanol, 
acetonitrile, methyl ethyl ketone or iso-butanol. Preferably, the Compound I and 
Compound H are present in a ratio of about 1 : 1 . The reaction mixture is then heated by 
methods known in the art, such as, by placing the flask in an oil bath which is heated from 
about 60°C to about 85°C, and the reaction is allowed to reflux for a time sufficient to 
complete the formation of risperidone, about 9 hours to overnight. Preferably, the 
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Preferably, the solvent is acetone. By the methods of the present invention, crude 
risperidone is recrystallized by dissolving the crude risperidone in a ketone, which is hot. 
Preferably, the ketone is heated to reflux. Preferably the crude risperidone and solvent are 
present in a ratio of about 25 to about 40, more preferably the ratio is about 28 to about 
32. Preferably the solvent ,s acetone. The hot mixture is then filtered hot and allowed to 
cool where upon purified risperidone precipitates. The mixture is filtered by conventional 
methods to give high punt> risperidone with a purity of about 99.7 to about 99.8 %. The 
overall yield of the present method of synthesis and recrystallization of risperidone is 
about 60 to about 63 %. 
Risperidone Form A 

The present invention also relates to a novel risperidone crystalline form 
designated Form A and processes for making risperidone Form A. Risperidone Form A is 
characterized by unique strong powder x-ray diffraction peaks at 14.2±0.2, and 21.3*02 
degrees two-theta and medium intensity peaks at 10.6±0.2, 11.4±0.2, 16.4±0.2, 18 9*0 2 
19.9*0.2, 22.5*0.2, 23.3 ± 0.2, 27.6*0.2, 25.4*0.2, and 29.0*0.2 degrees two-theta. 

Another aspect of this invention is a method of preparing risperidone Form A. In 
the method of preparing risperidone Form A, risperidone Form A is crystallized from 
risperidone at the reflux temperature of an organic solvent, such as, DMF, tetrahydrofuran 
(THF), acetone, benzene, ethyl methyl ketone, n-butanol, methanol, isopropanol, absolute 
ethanol, acetonitrile, toluene, dimethyl sulfoxide (DMSO), *o-butanol or ethyl acetate. 
By the methods of the present invention, risperidone is added to in a minimum amount of 
organic solvent by heating the mixture to facilitate dissolution of the risperidone. Upon 
complete dissolution of the risperidone, the solution is left to cool to room temperature to 
induce the precipitation of risperidone Form A. After the solution has reached room 
temperature, it is further cooled in an ice bath and then filtered to isolate risperidone Form 

A. Suitable volumes of solvent required for the present methods are listed below in 
Example 1 1 and in Table 1 . 

Another aspect of this invention is a method of preparing risperidone Form A; or a 
mixture of risperidone Form A and other forms of risperidone, including risperidone Form 

B, by dissolving risperidone in dichloromethane and adding cyclohexane or hexane to 
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risperidone to alcohol is about 1:7.5 to about 1:9. Preferably the alcohol is ethanol or 
methanol. 

Another aspect of this invention is a method of preparing risperidone Form B pure 
or in a mixture with another form of risperidone, such as, risperidone Form A, which 
includes dissolving risperidone in a hot solution of aqueous HC1 followed by the addition 
of aqueous Na 2 C0 3 to induce precipitation of risperidone Form B. By the methods of the 
present invention, risperidone is added to 0.5 N HC1 in a ratio of about 1 :6. Water is 
added in an amount equal to about two thirds the volume of HC1 used. The solution is 
heated to induce dissolution of the risperidone. Sodium carbonate is then added until a pH 
of about 8 is reached, to facilitate precipitation. The solution is cooled and risperidone 
Form B is isolated by filtration. 

Another aspect of this invention is a method of preparing risperidone Form B pure 
or in a mixture with another form of risperidone such as risperidone Form A, wherein 
risperidone is dissolved in chloroform followed by the addition of cyclohexane or hexane 
to facilitate precipitation. By the methods of the present invention, risperidone is 
dissolved in chloroform in a ratio of about 1:6 followed by the addition of hexane of 
cyclohexane in an amount sufficient to produce a cloudy dispersion. The risperidone 
Form B is then isolated upon filtration. 
Risperidone Form F. 

The present invention also relates to a novel crystalline form of risperidone, 
denominated risperidone Form E. Risperidone Form E is characterized by typical strong 
x-ray peaks at 16.5±0.2, 21 .7±0.2 degrees two-theta, and medium x-ray peaks at 12.6±0.2, 
15.6*0.2, 17.0*0.2, 18.4*0.2, 19.1±0.2, 21.3*0.2, 24.0*0.2, 24.9*0.2, 27.0±0.2 degrees ' 
two-theta 

Another aspect of this invention is a method of preparing risperidone Form E. By 
the methods of the present invention, risperidone is dissolved in isopropanol in a ratio of 
about 1 to 12. Water is then added until a cloudy dispersion is formed thereby facilitating 
the precipitation of risperidone Form E. Risperidone Form E is isolated upon filtration of 
the dispersion. 

In accordance with the present invention, these new forms of risperidone may be 
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prepared as pharmaceutical compositions that are particularly useful for the management 
of the manifestations of psychotic disorders. Such compositions comprise one of the new 
forms of risperidone with pharmaceutical^ acceptable carriers and/or excipients known to 

one of skill in the art. 

Preferably, these compositions are prepared as medicaments to be administered 
orally, or intravenously. Suitable forms for oral a&ninistration include tablets, 
compressed or coated pills, dragees, sachets, hard or gelatin capsules, sub-lingual tablets, 
syrups and suspensions. While one of ordinary skill in the art will understand that 
dosages will vary according to the indication, age of the patient, etc., generally 
polymorphic forms of risperidone of the present invention will be administered at a daily 
dosage of about 4 to about 16 mg per day, and preferably about 4 to about 8 mg per day. 

EXAMPLES 

The present invention will now be further explained in the following examples. 
However, the present invention should not be construed as limited thereby. 

Methods 

Conditions for obtaining Powder X-ray Diffraction (PXRD) patterns: The powder 
X-ray diffraction patterns were obtained by methods known in the art using a Philips X- 
ray powder diffractometer, Phillips Generator TW1830; Goniometer PW3020; MPD 
Control PW3710; X-Ray tube with Cu target anode; Monochromator proportional 
counter, Divergence slits 1°, Receiving slit 0.2 mm, Scatter slit 1°; 40KV, 30mA; and 
Scanning speed step 0.05 degrees to 2 degrees/min. 

The differential scanning calorimeter thermograms were obtained by methods 
known in the art using a DSC Mettler 821 Star*. The weight of the samples was about 3-5 
mg. Thetemperaturerangeofscanswas30°C-250 o Catarateofl0°C/min. Samples 
were purged with nitrogen gas at a flow rate of 40 mL/min. Standard 40 pi aluminum 
crucibles were used having lids with three small holes. 

Example 1 
Synthesis of Risperidone 

Isopropanol (20 mL), 3-(2-chloroethyl)-6,7,8,9-tetrahydro-2-methyl-4H- 

pyrido[l,2-a]pyrimidin-4-one (Compound II)("the chlorine derivative")(2.63 g, 10 
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mmoles, 1 eq.), e-fluoro-S-C^piperidinylM^-benzisoxazole (Compound DO'the 
piperidine derivative") (2.17 g, 10 mmoles, 1 eq.), sodium carbonate (3.18 g, 30 mmoles, 
3 eq.), and potassium iodide (66 mg) were added to a 100 mL round bottom flask and 
stirred with a magnetic stir bar. The flask was placed in an oil bath at 80°C and allowed 
to reflux for 9 hours. The flask was then cooled in an ice bath and the contents was 
filtered. The filter cake was washed in the filter with a small amount of isopropanol The 
filter cake was then slurried 3 times in 20 mL of water and filtered. The resulting slurry 
was dried to give 3 g of material in 73 % yield. The slurry was recrystallized by 
dissolving in 37 mL of boiling isopropanol, filtered hot and allowed to cool and filtered to 

give material which had a purity of 99.7 % and an overall yield of 60 %. 

Example 1 
Synthesis of Risperidone 
The same materials and method as in Example 1 with the exception being that 

methyl ethyl ketone (MEK) (15 mL) was used instead of 20 mL of isopropanol. The flask 

was put in an oil bath at 79-83 °C overnight, cooled; filtered and washed with acetone and 

water to give 2.19 g, 53 % yield. 

Example 3 
Synthesis of Risperidone 

The same materials and method as in Example 1 with the exception being that 20 
mL of acetonitrile was used instead of 20 mL of isopropanol. The flask was put in an oil 
bath for 17 hours at 79-83X, then put in the freezer for 2 hours, filtered, and the filter 
cake washed with acetone until the filtrate had no color. The filter cake was th e „ slurried 
in 25 mL water 3 times and filtered and dried to give 3.03 g, 74 % yield, of crude 
risperidone. The crude risperidone was recrystallized from 35 mL of isopropanol, filtered 
hot, cooled, filtered and dried to give 2.47g of risperidone, 60 % overall yield, 99.8 % 
pure by HPLC. 

Example 4 
Synthesis of Risperidone 

The same materials and method as in Example 1 with the exception being that 20 
mL of acetonitrile was used instead of 20 mL of isopropanol. The flask was put in an oil 
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bath for 17 hours at 79-83°C, then put in the freezer for 2 hours, filtered, and the filter 
cake washed with acetone until the filtrate had no color. The filter cake was then slurried 
in 25 mL water 3 times and filtered and dried to give 3.03 g, 74 % yield, of crude 
risperidone. The crude risperidone was recrystallized from 75 mL of acetone, filtered hot, 
cooled, filtered and dried to give 2.25 g of risperidone, 60 % overall yield, 99.9 % pure by 
HPLC. 

Example 5 
Synthesis of Risperidone 

The same materials and method as in Example 1 with the exception being that 20 
mL of iso-butanol was used instead of 20 mL of isopropanol followed by stirring in an oil 
bath at 78 °C over night. Risperidone was isolated in 63 % yield. 

Example 6 
Preparation of Risperidone Form B 
Risperidone (5.3 g) was dissolved in chloroform (30 mL). Cyclohexane (280 
mL)was slowly added to the solution until a cloudy dispersion was formed. The 
suspension was filtered. The filtrate, analyzed by PXRD, contained risperidone Form B. 
Further heating overnight at 80»C under reduced pressure produced risperidone Form A, 

which was confirmed by PXRD analysis. 

Example 7 
Preparation of Risperidone Form B 

Risperidone (5.0 g) was dissolved in 30 mL chloroform. Hexane (250 mL) was 
added to the solution until a cloudy dispersion was formed. The suspension was filtered. 
The isolated filtrate, analyzed by PXRD, contained risperidone Form B. Further heating 
of the filtrate overnight at 80°C under reduced pressure produced risperidone Form A, 

which was confirmed by PXRD analysis. 

Example 8 
Preparation of Risperidone Form B 

Risperidone (5.3 g) was dissolved in 40 ml ethanol. Water (100 mL) was added to 
the solution until a cloudy dispersion was formed. The resulting suspension was filtered. 
The isolated filtrate, analyzed by PXRD, contained risperidone Form B. Further heating 
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of the filtrate overnight at 80°C, under reduced pressure, produced risperidone Form A, 
which was confinned by PXRD analysis. 

Example 9 
Preparation of Risperidone Form B 
Risperidone (5.0 g) was dissolved in methanol (45 mL). Water (70 ml) was added 
to the solution until a cloudy dispersion was formed. The suspension was filtered The 
isolated filtrate, analyzed by PXRD, contained risperidone Form B. Further heating of the 
filtrate overnight at 80°C, under reduced pressure, produced risperidone Form A, which 
was confirmed by PXRD analysis. 

Example TO 
Preparation of Risperidone Form B in Water 

Risperidone (6 g) was dissolved at room temperature in 60 mL of 0.5 N HC1 and 
water (40 mL) was added. The solution was heated in a boiling water bath and stirred 
with a magnetic stir bar. Concentrated aqueous sodium carbonate was added portion-wise 
to the solution to facilitate precipitation until a P H of approximately 8 was attained A 
precipitate was formed. After cooling to room temperature, the mixture was cooled in an 
ice bath and filtered to give a mixture of risperidone Form A and risperidone Form B in 
an 82 % yield. 

Example n 

Preparation of Risperidone Form A by Crystallization in Organic Solvents 

Risperidone (6 g) was added portion-wise and dissolved in a minimum amount of 
solvent by heating in a boiling water bath (about 95°C). Suitable solvents and the 
corresponding suitable volumes are listed below in Table 1 . Solvents having a boiling 
point lower than 95°C were heated to their boiling point. The solutions were left to cool 
to room temperature to facilitate precipitation of risperidone Form A. The mixture was 
then further cooled in an ice bath and then filtered. The precipitate was analyzed by 
PXRD and found to be risperidone Form A. 
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Table 1. Preparation of Risperidone Form A 

The volumes of solvents used per 6 grams of Risperidone 


DMF: 


40 ml 


iso-butanol: 


35 ml 


THF: 


40 ml 


Acetone: 


200 ml 


Benzene: 


26 ml 


methyl ethyl ketone: 


70 ml 


absolute ethanol: 


35 ml 


;*-butanol: 


A C 1 

45 ml 


Methanol: 


40 ml 


Toluene: 


45 ml 


Acetonitrile: 


100 ml 


DMSO: 


100 ml 


ethyl acetate: 


150 ml 


Isopropanol: 


100 ml 



Example 12 
Preparation of risperidone Form A 

Risperidone (5.6 g) was dissolved in 50 mL dichloromethane. Cyclohexane (170 
mL) was added to the solution until a cloudy dispersion was formed. The resulting 
suspension was filtered. The isolated filtrate, analyzed by PXRD, contained risperidone 
Form A and a minor quantity of risperidone Form B. 



Example 13 
Preparation of Risperidone Form A 

Risperidone (5.1 g) was dissolved in 30 mL dichloromethane. n-Hexane (150 mL) 
was added to the solution to facilitate precipitation until a cloudy dispersion was formed. 
The resulting suspension was filtered. The filtrate, analyzed by PXRD, contained 
risperidone Form A and a minor quantity of risperidone Form B. 

Example. 14 
Preparation of Risperidone Form E 
Risperidone (5 g ) was dissolved in 60 mL isopropanol. Water (950 mL) was 
added to the solution to facilitate precipitation until a cloudy dispersion was formed. The 
suspension was filtered. The filtrate, analyzed by PXRD, contained risperidone Form E. 
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Although certain presently preferred embodiments of the invention have been 
described herein, it will be apparent to those skilled in the art to which the invention 
pertains that variations and modifications of the described embodiment may be made 
without departing from the spirit and scope of the invention. Accordingly, it is intended 
that the invention be limited only to the extent required by the appended claims and the 
applicable rules of law. 
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WHAT IS CLAIMED IS: „„„„ frea ctine 
!. A process for making risperidone cempnarng the stops of reaotrng 

compound (I) 




F (I) 



with compound (II) 



o 





ketone and zso-butanol. 



2. The process 

ri 

alcohol 



of claim 1. farmer comprising the steps of recrystallizing 



, The process of ctain, 2, whereh, the aicoho! is selected from *e group 
listing of — ethanot, isopropanot, propane., butano., - - 



butanol. 
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4- The process of claim 3, wherein the alcohol is isopropanol. 

5. The process of claim 1, wherein the solvent is acetonitrile. 

6- The process of claim 1, wherein the solvent is isopropanol. 

7- The process of claim 1, wherein the solvent is methyl ethyl ketone. 

8- The process of claim 1, wherein the solvent is iso-butanol. 

9- Theprocessof claim l.ftte«^,b^ rfnW 
crude risperidone from a ketone. 

10. The process of claim 1 wherein the ketone is acetone.. 

11- ^-doneFormAwfcchis^^ 
peaks at 14.2*0.2, 21.3*0.2 degrees two-theta. 

12- ^risperidoneFormAofclaimllwmchisfurthercharacterizedbyx- 
raypowder diffraction peaks at 10.6*0.2, 11.4*0.2, 16.4*0.2, 18.9*0.2 199*02 
22.5*0.2, 23.3*0.2, 25.4*0.2, 27.6*0.2, 29.0*0.2 degrees two-theta. ' ' 

13. A risperidone polymorph that is characterized by a powder x-ray 
Effraction pattern substantially as depicted in Figure 1. 

14. Risperidone Form B which is characterized by x-ray powder diffraction 
peaks at 14.0*0.2 and 21.7*0.2 degrees two-theta. 

15. The risperidone Form B of claim 14 which is further characterized by x-> 
powder diffraction peaks at 10.8*0.2, 11.9*0.2, 12.6*0.2, 14.0*0.2, 17.5*0.2, 18.3*0.2, 



•ray 
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19.9±0.2, 21.0±0.2, 21.7±0.2 degrees two-theta. 



16. A risperidone polymorph that is characterized by a powder x-ray 
diffraction pattern substantially as depicted in Figure 2. 

17. Risperidone Form E which is characterized by x-ray powder diffraction 
peaks at 16.5*0.2, 21.7±0.2 degrees two-theta. 

• 18. The risperidone Form E of claim 17 which is further characterized by x- 
ray powder diffraction peaks at 16.5*0.2, 12.6*0.2, 21.7*0.2 , 15.6*0.2, 17.0*0.2, 
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,4±0.2, 19.1*0.2, 21.3±0.2, 24.0*0.2, 24.9*0.2, 27.0±0.2 degrees two-theta. 



19. A risperidone polymorph that is characterized by a powder x-ray 
diffraction pattern substantially as depicted in Figure 3. 

20. A process for preparing risperidone Form B comprising the steps of: 

(a) . dissolving risperidone in a water soluble alcohol having 1 to 4 carbon 
atoms where the ratio of risperidone to alcohol is about 1:7.5 to about 1:9; 

(b) adding water to facilitate precipitation; and 

(c) isolating risperidone Form B . 

21. A process for preparing risperidone Form B comprising the steps of: 

(a) dissolving risperidone in chloroform; . 

(b) adding cyclohexane or hexane to facilitate precipitation; and 

(c) isolating risperidone Form B. 

22. A process for preparing risperidone Form B comprising the steps of: 

(a) dissolving risperidone in an aqueous solution of HC1; 

(b) adding aqueous Na 2 C0 3 to facilitate precipitation; and 

(c) isolating risperidone Form B. 
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23 . A process for preparing risperidone Form A comprising the steps of: 

(a) dissolving risperidone in an organic solvent selected from the group 
consisting of dimethyl formamide, tetrahydrofuran, acetone, benzene, ethyl methyl 
ketone, w-butanol, methanol, isopropanol, absolute ethanol, acetonitrile, toluene, dimethyl 
sulfoxide, iso-butanol. and ethyl acetate; 

(b) heating the solvent to reflux; 

(c) cooling the solvent to facilitate precipitation; and 

(d) isolating risperidone Form A. 

24. A process for preparing risperidone Form A comprising the steps of: 

(a) dissolving risperidone in dichloromethane; 

(b) adding cyclohexane or hexane to facilitate precipitation; and 

(c) isolating risperidone Form A. 

25. A process for preparing risperidone Form E comprising the steps of: 

(a) dissolving risperidone in isopropanol where the ratio of risperidone to 
isopropanol is about 1:12; 

(b) adding water to facilitate precipitation; and 

(c) isolating risperidone Form E. 

26. A process for preparing risperidone Form A comprising the steps of: 

(a) heating risperidone Form B at a temperature of about 25°C to about 80°C 
for a time sufficient to induce to formation of risperidone Form A; and 

(b) isolating risperidone Form A. 

27. The process of claim 26 wherein the heating takes place under reduced 
pressure or at atmospheric pressure. 

28. The process of claim 26 wherein the temperature is about 80°C. 
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29. 
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